Mason-Pfizer monkey virus (MPMV) was isolated from a carcinoma of the breast of a rhesus monkey and has been successfully propagated by co-cultivation of the original mammary tumor tissue with rhesus monkey mixed embryo cells (9, 16, 21) . Host range studies have shown the virus to be capable of also replicating in rhesus embryonic lung, chimpanzee lung, human mixed embryo cell cultures, and in an established human leukocyte cell line, NC-37 (16) . MPMV possesses morphological features of both the type B and type C oncornaviruses, yet is morphologically distinct from both classes (9, 18) . Recently, there have been reports that viruses morphologically and immunologically similar to MPMV have been isolated from certain rhesus (2) and human (5, 11, 25, 38) cell lines.
The biochemical and biophysical properties of MPMV are characteristic of RNA tumor viruses. The virus has a buoyant density in sucrose of 1.16 g/ml (20, 27) . It has a 60 to 70S RNA (20, 27, 28) which contains polyadenylate sequences of 200 nucleotides (12) ; the RNA has an apparent molecular weight of 8 x 106 and consists of subunits of 2 x 106 to 3 x 106 daltons (28) . The RNA-instructed DNA polymerase of MPMV resembles that of the mouse mammary tumor virus (MMTV) with respect to molecular weight and Mg'+ divalent cation requirement and can be clearly distinguished via these properties from the DNA polymerases of murine and woolly monkey type C viruses (1, 10, 14, 29) . The MPMV enzyme appears to also be immunologically distinct from the polymerases of other known RNA tumor viruses (37) .
In this paper, we present a detailed characterization of the proteins and glycoproteins of MPMV and their probable locations in the virion. Determination of those virion-associated proteins which may be coded for by the virion was ascertained by growing the virus in different cell types and analyzing viral proteins by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The presence and relative proportion of each viral protein in MPMV was determined at each stage of purification.
MATERIALS AND METHODS Viruses and Cells. MPMV was grown in: (i) CMMT cells, a line derived from a co-cultivated monolayer culture of monkey mammary tumor cells and normal embryo cells (16) ; (ii) NC-37 human lymphoblastoid cells; and (iii) rhesus foreskin cells (Rhfs). The initial flasks of CMMT and NC-37 cells were kindly supplied by M. Ahmed, and Rhfs cells were kindly supplied by D. Fine. The CMMT and NC-37 cells were grown at 37 C in RPMI 1640 medium supplemented with 10% fetal calf serum. The Rhfs cells were grown at 37 C in Dulbecco modified Eagle medium (DME) supplemented with 10% fetal calf serum. Human amnion AV-3 cells were obtained from the American Type Culture Collection and grown in DME supplemented with 10% fetal calf serum. Rauscher murine leukemia virus (R-MuLV) was propagated in the NIH-Swiss 3T3 cell line (kindly supplied by R. Benveniste) and was grown at 37 C in DME with 10% fetal calf serum. MMTV from RIII cultures of mammary tumors from these animals (33) and grown in DME containing 10% fetal calf serum and supplemented with 10 tg of both insulin and hydrocortisone per ml.
Radioactive labeling of viral polypeptides. To prepare radioactive virus the cell cultures were washed twice with phosphate-buffered saline, and each 75-cm2 T-flask culture was covered with 5 ml of labeling medium (Earle balanced salt solution containing 100 U of penicillin and 100 ug of streptomycin per ml, 2 mM glutamine, 2% dialyzed fetal calf serum, and lx Eagles minimal essential medium vitamins [GIBCO J). For cultures producing MMTV 10 Mg each of insulin and hydrocortisone per ml were also added to the labeling medium. Radioactive amino acids were added to the following final concentrations:
[3H jamino acid mixture, 100 MCi/ml, and [14C lamino acid mixture, 50 gCi/ml. For labeling of glycoproteins, unlabeled amino acids (minimal essential medium amino acid mixture, 50x) were added to the labeling medium along with [H Iglucosamine to a final concentration of 50 JCi/ml. After 2 h of labeling at 37 C an additional 10 ml of labeling medium was added, and the cultures were incubated for 12 to 16 h, after which time the medium was harvested, clarified (3,000 x g for 10 min), and stored at -70 C until used. Fifteen milliliters of standard growth medium (as described above for each cell type) was added for an additional 12 to 16 h and also harvested, clarified, and stored at -70 C. The cycle of addition of labeled medium followed by unlabeled medium was then repeated.
Virus purif'ication. Appropriate tissue culture supernatant fluids were pooled, and virus was precipitated with polyethylene glycol (PEG). To each liter of culture fluid, 23 g of NaCl and 100 g of PEG (6000) were added while stirring at 4 C; after 1 h, the virus precipitate was collected by centrifugation at 5,000 x g for 20 min. Virus was resuspended in 18 (vol/vol) . The samples were subsequently subjected to electrophoresis on 10% acrylamide gels in siliconized glass tubes (10 by 0.5 cm) at 4 mA/gel essentially as described by Maizel (19) . Electrophoresis was stopped when the marker dye reached the bottom of the gel (about 16 h). Gels were then frozen and sliced with a manifold of razor blades spaced 1 mm apart, and individual slices were placed in separate vials. Protein was eluted at room temperature for 36 h in 10 ml of toluene-based scintillation fluid containing 3% Protosol (New England Nuclear). Samples were subsequently counted in a Beckman scintillation counter.
Iodination. Duplicate 20-Ag preparations of freshly collected 24-h harvests of MPMV from CMMT cells were each suspended in 20 Ml of phosphate-buffered saline (pH 7.2) and one aliquot was disrupted with 1;% Nonidet P-40 for 30 min at 37 C. To each sample was added 25 M1 of 0.5 M sodium phosphate buffer (pH 7.7), 10 M1 of 100 mCi/ml carrier-free 125I, 10 Ml of lactoperoxidase (100 Mg/ml), and 10 M1 of freshly diluted 0.001% H202. The reaction was terminated by the addition of 0.15 M NaCl in 0.5 M sodium phosphate (pH 7.7) containing 0.1% sodium azide. The reaction mixture was freed of unbound "I5 by gel filtration on a Bio-Gel PR60 column (1 by 14 cm) equilibrated with 0.5 M. sodium. phosphate (pH 7.7) and 0.15 M NaCl. The virus iodinated prior to disruption was then rebanded on 20 to 50% sucrose, and-both disrupted and undisrupted samples were prepared for SDS-PAGE as described above.
RESULTS
Purification and buoyant density of MPMV. The buoyant density value of MMTV, a type B virus, is 1.18 g/ml in sucrose, whereas R-MuLV, a type C virus, exhibits a density of 1.16 glml in sucrose. However, in CsCl the buoyant density of MMTV increases to 1.21 g/ml, whereas the density of R-MuLV rqmains at 1.16 g/ml. These observations have been previously reported (26) and also observed in our laboratory. Since ,e 5L 10 to 40% CsCI (wt/wt) in TNE for 3 h at 150,000 x g at 4 C in SW41 rotor; (B) sucrose density gradient, 20 ml of 20 to 50% sucrose (wt/wt) in TNE for 4 h at 98,000 x g at 4 C in SW27 rotor; (C) velocity sedimentation, 35 ml of 15 to 30% sucrose (wt/wt) in TNE for 1 h at 98,000 X g at 4 C in SW27 rotor.
[8H]amino acid-labeled MMTV was run in a parallel velocity sedimentation gradient, and its sedimentation position is designated by an arrow.
virus sample was extensively purified by polyethylene glycol precipitation and two equilibrium centrifugations followed by a single velocity sedimentation. Typical gradient patterns are shown in Fig. 1B and C. The result of the SDS-PAGE analysis of MPMV proteins is shown in Fig. 2A . The apparent molecular weights of virion polypeptides were calculated from their relative mobilities using the known molecular weights of the marker proteins (see Table 1 ). Viral polypeptides were named according to their apparent molecular weights as recommended by August et al. (3) . The major viral polypeptide exhibited a molecular weight of 27,000 (p27) confirming previous observations (24, 25, 34) . In addition to the p27 protein, five other major proteins were clearly recognizable with molecular weights of 10,000 (plO), 12,000 (p12), 14,000 (pl4), 20 ,000 (p20), and 68,000 (p68). The polypeptide pattern observed for MPMV was distinctly different from that observed for R-MuLV (Fig. 2C ) and the MMTV from two different strains of mice, RIII (Fig. 2B) and BALB/cfC3H (Fig. 2D) .
Glycoproteins of MPMV. To identify the glycoproteins of MPMV, virus grown in CMMT was separately labeled with [IHI glucosamine and ["C Jamino acids and copurified by two density centrifugations and one velocity sedimentation; its proteins were then analyzed by SDS-PAGE (Fig. 3) . Table 1 Table 1 ). proteins. To determine whether any proteins were selectively lost during purification of MPMV, proteins were analyzed by SDS-PAGE at each stage of the purification. The results are shown in Fig. 4 and are summarized in Table 2 . It is evident that the proteins described above are in the same relative proportion at all steps in the purification, suggesting that these proteins are part of the virion structure. Furthermore, the major MPMV glycoprotein gp68 does not appear to be lost during the purification procedure, in contrast to the major external glycoprotein of the mammalian type C virus, Friend leukemia virus (22) .
Polypeptide composition of MPMV grown in other primate cells. To determine which virion structural proteins may be coded for by the virion, MPMV was grown in two additional primate cell types: one rhesus and one human. Those proteins present in virions regardless of cell type origin is a strong indication that they are coded for by the virion. MPMV originally derived from the CMMT cell line was grown in NC-37 human lymphoblast cells and Rhfs cells. Electrophoresis of virions grown in NC-37 and Rhfs cells revealed that proteins plO, p12, p14, p20, p27, and p68 were present in both preparations ( Fig. 5A and B) . However, two proteins, p36 and p48, represent major proteins of MPMV grown in NC-37 cells (Fig. 5A) (Fig. 6A and B) . However, the difference is the presence of p36 and p48 of MPMV from NC-37 cells which now represent the major glycoproteins of the virion.
To determine whether proteins gp36 and gp48 from NC-37-grown MPMV represent virion proteins, or proteins contributed by the host cell, MPMV derived from NC-37 cells was propagated in human amnion cells (AV-3). Polypeptides of MPMV from AV-3 cells were subsequently analyzed by SDS-PAGE (Fig. 5C ). Except for protein p36 (which may now be p40), no qualitative difference was observed in the protein patterns of MPMV grown in AV-3 or NC-37 cells. It is also possible that p40 represents a new protein. A summary of the above results is given in Table 3 .
Localization of viral proteins in the virion. The location of MPMV proteins within the virion was investigated by using iodination catalyzed by the enzyme lactoperoxidase. Viral proteins which are exposed to the external environment are labeled by this technique. Lactoperoxidase has been used to label the external proteins of cells (15) and numerous viruses including R-MuLV, MMTV, influenza virus, and Sindbis virus (30, 32, 33, 36) . The inability of lactoperoxidase, a protein of 80,000 molecular weight, to cross a biological membrane is thought to be responsible for the specific labeling of external proteins.
Purified MPMV grown in CMMT cells was iodinated by lactoperoxidase either before or after disruption with the nonionic detergent NP-40. Intact virus iodinated to high specific activities apparently did not undergo a significant alteration in structure, since such preparations rebanded at the density of untreated virus, namely 1.17 g/ml (Fig. 7) . Similar results were obtained if "2'I-labeled and unlabeled MPMV were banded independently.
If purified virions were first disrupted with Nonidet P-40 and subsequently iodinated, the polypeptide pattern on SDS gels (Fig. 8, (Fig. 3, open circles) . When intact virus was first iodinated then disrupted and analyzed by a The size of each polypeptide was calculated from its electrophoretic mobility in an SDS gel relative to the mobilities of bovine serum albumin (69,000 daltons), ovalbumin (43,000 daltons), trypsin (23,800 daltons), and ribonuclease A (13,700 daltons).
'Data from Fig. 3 . The values are obtained by calculating the percentage of radioactivity under each peak.
c Calculated by multiplying the weight of total protein in the virion by the molar ratio of each polypeptide in the particle. The estimated weight of MPMV is based on a value of 450 x 106 per particle and a protein content of 60% (based on values for avian myeloblastosis virus [35J). The molar ratio was calculated assuming radioactivity was proportional to mass.
SDS-PAGE the polypeptide pattern was significantly altered (Fig. 8, open circles) . It is evident that the extent of labeling has significantly decreased for all viral proteins with the exception of gp68. The ratio of label for each viral protein in intact iodinated virus to disrupted iodinated virus was 1.00, 0.05, 0.22, 0.10, and 0.05 for gp68, p27, gp2O, p14, and p10-12, respectively. These results indicate that gp68 represents the major external protein of the virion. The percentage of labeling of each iodinated viral polypeptide from virions disrupted prior to iodination is similar to that for MPMV labeled in vivo with [3HJamino acids. This suggests that the preferential labeling of gp68 for intact virus is not simply due to a greater tyrosine content for gp68 relative to the other proteins.
DISCUSSION
The experiments reported in this paper have enabled us to identify six distinct and reproducible polypeptides associated with MPMV (see Table 3 ). The miolecular weights of these proteins based on SDS-PAGE analysis are: 10,000 (plO), 12,000 (p12), 14,000 (p14), 20,000 (gp2O), 27,000 (p27), and 68,000 (gp68). The SDS-PAGE polypeptide gel pattern for MPMV is different from that of both mammalian type B and type C viruses (Fig. 2) . Furthermore, none of the VOL.- 16, 1975 (Fig. 4) virus (8) . As opposed to these avian p19's, however, p20 of MPMV is glycosylated ( Fig. 3  and 6 ), regardless of the cell type in which the MPMV is produced. Recently, however, evidence has been reported that a protein of molecular weight of approximately 22,000 in reticuloendotheliosis virus (strain T) and spleen necrosis virus is also lightly glycosylated (13, 23 (31) . Purified MPMV produced in CMMT, Rhfs, or NC-37 cell lines did not compete with binding of the labeled antigens in any of the above assay systems even at levels of added competing MPMV protein 20-to 200-fold greater than the amount of homologous virus protein needed to inhibit binding by 50%. All MPMV preparations, however, were immunoreactive with antisera directed against MPMV.
All RNA tumor viruses studied so far possess surface protrusions (8) , including MPMV (18) . In avian oncornaviruses the viral surface projections consist of a major 85,000 and a minor 37,000 glycoprotein (8) . In the murine leukemia viruses the major glycoprotein consists of one or possibly two proteins possessing molecular weights of approximately 70,000 (8) Comparative SDS-polyacrylamide electropherograms of MPMVproteins labeled by iodination using lactoperoxidase prior to (0) and after (0) disruption with 1% Nonidet P-40. Fresh 24-h harvest of MPMVfrom CMMT cells was used for the iodination, and intact iodinated virus was subsequently purified as described in the legend to Fig. 7 . The viral preparations were subjected to SDS-PAGE on parallel gels, and the gel patterns were superimposed.
presented here demonstrates that MPMV grown in CMMT cells likewise possesses a major virion glycoprotein similar to that of the murine oncornaviruses. Iodination of intact MPMV, using the enzyme lactoperoxidase which labels only surface proteins, suggests that gp68 is the major external MPMV glycoprotein.
The total molecular weights of the six viralcoded MPMV proteins is approximately 151,000. An additional protein which is most likely coded for by the virion is its reverse transcriptase. The molecular weight of this enzyme has been reported to be 110,000 (1) . Therefore, the minimum total molecular weight VOL. 16, 1975 of protein to be coded for by MPMV It is apparent that MPMV possesses properties in common with, and yet distinct from, the known type B and C oncornaviruses. In addition, based on evidence presented in this manuscript and reported elsewhere (24, 34, 37 ), MPMV appears to be structurally and immunologically unrelated to the type B and C RNA tumor viruses. The origin of this virus and similar isolates and their biological role are currently under investigation.
